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Measuring DNA Bending and Twisting Flexibility in E. Coli
Nicole A. Becker, Justin Peters, L. James Maher, III.
Mayo Clinic, Rochester, MN, USA.
DNA is a curious molecule. In vitro, DNA has been shown to be a rigid polymer
resistant to bending and twisting over distances of <200 bp. In vivo, DNA
demonstrates the ability to form loops over similar and even smaller distances.
Cellular DNA looping plays an essential role in chromatin condensation,
recombination, and transcriptional regulation. Architectural proteins, in both
eukaryotic and prokaryotic organisms, bind non-specifically toDNA, perhaps en-
hancing apparent DNA flexibility by inducing transient bends and kinks. Our
lab is interested in studying the interplay of intrinsic DNA stiffness and architec-
tural proteins inmodulatingDNAflexibility in vivo.Weutilize a classical in vivo
bacterial looping system, based on the lactose operon, to ask these questions.
We set out to test the hypothesis that DNA looping in this system simply in-
creases repressor concentration at the proximal operator that represses the
test promoter. This hypothesis predicts that loop size, not relative position of
the auxiliary operator, should determine promoter repression. Two sets of loop-
ing constructs have been created to test this hypothesis. One set follows the
classic looping model with a bacterial promoter located between the two oper-
ators. The behavior of these ‘‘upstream’’ looping constructs reflect phasing- and
distance-dependent repression indicative of stable DNA loops significantly
smaller than in the natural lactose operon. A second set of looping constructs
places the auxiliary operator further downstream of the transcriptional start
site. These ‘‘downstream’’ constructs allow us to assess repression when the
promoter is not constrained to be part of the DNA loop. Loop-dependent tran-
scriptional repression is also observed for ‘‘downstream’’ looping but, interest-
ingly, repression is much weaker. These results suggest that the mechanism of
promoter repression by DNA looping is more complex than simply increasing
repressor concentration at the proximal operator.
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Quadruplex-Based Technology for Nucleic Acid Amplification and
Detection
John Johnson, Robert Okyere, Adam Taylor, Anupama Joseph,
Karin Musier-Forsyth, Besik Kankia.
OSU, Columbus, OH, USA.
Polymerase chain reaction (PCR) has impacted nearly every field in molecular
biology, genetics and forensic science. Numerous applications of PCR have
been described for basic scientific purposes, as well as for diagnosis of hered-
itary and infectious diseases. This is particularly true for real-time PCR (RT-
PCR), which detects and quantifies product molecules within PCR reaction
vessels. However, PCR is still considered a daunting task due to many variables
in the reaction, temperature cycling and complicated quantification methods.
Current RT-PCR specific probes (Molecular Beacons, TaqMan, Scorpions) re-
quire costly synthesis and considerable effort to achieve optimal sensitivity.
Typically, a fluorophore-quencher pair is attached to the ends of a probe, which
doesn’t fluoresce when free in solution. Upon probe hybridization to an ampli-
con, the fluorophore is separated from the quencher and a signal is released.
Recently we have discovered that the free energy of DNA quadruplexes can be
used to drive unfavorable (endergonic) reactions of nucleic acids (e.g., isother-
mal PCR). The key point of quadruplex-driven reactions is that some G-rich
sequences are capable of forming quadruplexes with significantly more favor-
able thermodynamics than the corresponding DNA duplexes. The energy of
quadruplex formation can be used to drive PCR at constant temperature or
DNA signal amplification. In addition, fluorescent nucleotide analogs incorpo-
rated and fully quenched within the primers regain maximum emission upon
quadruplex formation, allowing very simple and accurate detection of product
DNA. Thermodynamic and fluorescent bases of quadruplex priming amplifica-
tion will be discussed.
Supported by Bill & Melinda Gates Foundation.
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The Cost of Being Right During Replication
Tjalle P. Hoekstra, Martin Depken, Peter Gross, Erwin J.G. Peterman,
Gijs J.L. Wuite.
Vrije Universiteit Amsterdam, Amsterdam, Netherlands.
DNA replication needs to be both faithful and processive. DNA polymerases
replicate DNA, using a template strand to add the complementary nucleotide
to the synthesizing primer (polymerization). Family A DNA polymerases,
like T7 DNA polymerase (DNAp), boost their fidelity by proofreading the
primer. In the event of a mismatch, the erroneous nucleotide is excised at the
exonuclease active site (proofreading). Proper balance between polymerization
and proofreading is essential to achieve faithful but productive replication.
Here we report on a single-molecule study of DNAp using optical tweezers. In
our setup we can directly measure the individual rates of replicating, proofread-ing and pausing single DNA polymerases at various tensions.With a spatial and
temporal resolution of 25 bp and 0.2 sec, we can study DNAp in far more detail
than previous single-molecule studies.
We find that the rate of polymerization decreases with tension on the DNA but,
notably, doesn’t stall at high tension. Next, the rate of processive proofreading
is constant over all measured tensions which, surprisingly, include tensions of
only a few pN. This means that the proofreading state of DNAp is highly acces-
sible, independent of perturbations of the primer-template structure, and that
during proofreading tens of nucleotides at a time are removed.
Our observations indicate that the current kinetic model for DNAp is not suf-
ficient. The length of the pauses in between events are distributed as a double
exponential, arguing against a single inactive state. Therefore, we introduce an
updated model that contains an extra state that might play a role in balancing
polymerization and proofreading. The conclusion seems that the cost of being
right (i.e. error-free replication) outweighs the price a cell pays (i.e. the regular
removal of correct base pairs) for picking up errors during replication.
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The Dynamic Interplay Between Telomere-Binding Proteins POT1 and
TPP1 in G-Quadruplex DNA
Helen Hwang1, Noah Buncher2, Patricia Opresko2, Sua Myong1.
1University of Illinois - Urbana Champaign, Champaign, IL, USA,
2University of Pittsburgh, Pittsburgh, PA, USA.
Telomere-binding proteins, like POT1 (protection of telomeres protein 1) and
TPP1, are important for the maintenance of telomere integrity and are known to
regulate telomerase to ensure that an appropriate length of structural DNA is
maintained. Specifically in humans, hPOT1 is thought to suppress unwanted
DNA repair by sequestering the single-stranded telomere overhang. Previous
studies reported that POT1 binds to telomeric DNA in a sequence specific man-
ner whereas TPP1 has no interaction with DNA on its own. POT1 and TPP1 as
a complex have been shown to enhance telomerase recruitment and processiv-
ity. Despite the wealth of biochemical and structural data, the mechanistic basis
of these activities remain enigmatic.
Using single molecule FRET (Fo¨rster Resonance Energy Transfer) and PIFE
(Protein Induced Fluorescence Enhancement) techniques on various lengths
of telomeric DNA consisting of TTAGGG repeats, we observed that POT1
binds to the pre-folded G-quadruplex in a step-wise manner from 3’ to 5’. Con-
sistent with previous findings, POT1 binds stably to the telomeric DNA, and
thereby sequesters it. In contrast, POT1 and TPP1 exhibit dynamic behavior
i.e sliding back and forth on telomeric DNA. This may explain how POT1-
TPP1 contributes to the recruitment and processivity of telomerase by making
the telomeric DNA accessible and providing mobility for telomerase. In addi-
tion, we observe that TPP1 alone displays transient interaction with single
stranded DNA in a non-sequence specific manner. Our result uncovers the mo-
lecular mechanism and provides the dynamic axis to telomere regulation.
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Micromechanics of Human Mitotic Chromosomes
Mingxuan Sun, John F. Marko.
Northwestern University, Evanston, IL, USA.
Eukaryote cells completely reorganize their long chromosomal DNAs to folded
mitotic chromosomes to facilitate their physical segregation during mitosis. The
internal organization of mitotic chromosomes remains unclear. We report bio-
physical experiments on single mitotic chromosomes from human cells, where
isolated single human chromosomes were studied by micromanipulation
and nanonewton-scale force measurement to understand chromosome connec-
tivity and topology. We demonstrated that 4 base blunt-cutting restriction en-
zymes completely dissolved single metaphase human chromosomes, while
proteases did not cut through human chromosomes, and led to reduction of their
elasticity. Our results rule out the possibility that the mitotic chromosome is
structured on a mechanically contiguous internal protein scaffold. Instead,
mitotic chromosomeshave a ‘‘chromatin network’’ organization,where chroma-
tin fiber inside each chromosome is tethered to itself, by crosslinking proteins.
We further looked into
the effect of RNAi
knockdowns of a major
chromosome-organizing
protein– condensin on
mototic chromosome
organization. We found
the stiffness of human
chromosomes goes
down by almost 10
fold in condensin de-
pleted cells, compared
16a Sunday, February 26, 2012to wildtype cells. Moreover, the distinct effect of condensin I and condensin II is
also discussed. Our studies provide a quantitative analysis of the effect of con-
densin on mitotic chromosome condensation.
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Organization and Dynamics of the Living E. Coli Nucleoid at High
Resolution in Space and Time
Jay Fisher, Aude Bourniquel, Guillaume Witz, Mara Prentiss,
Nancy E. Kleckner.
Harvard University, Cambridge, MA, USA.
Living fluorescently-labeled E.coli nucleoids were imaged at ~75nm and>2sec
resolution. Non-replicating single-chromosome nucleoids are fat helicoidal el-
lipsoids. They are denser centrally than peripherally and have a strong intrinsic
tendency to split longitudinally into two, sometimes more, subellipsoids. Nu-
cleoid density distributions and splitting patterns fluctuate on <5s time scales,
dynamically modulating morphology. Analogous helicoids occur throughout
the cell cycle. Thus: the E.coli nucleoid is physically coherent object and can-
not be modeled as a randomly ordered entropic polymer. Diverse evidences
suggest that the nucleoid is stiff, longitudinally and radially, and is trapped
within the cell cylinder by radial confinement. We propose that: (i) the nucleoid
self-assembles into longitudinal bundles via association of short negatively-
supercoiled plectoneme segments; (ii) bundling is opposed by inter-segment re-
pulsion; and (iii) the shape and mechanical properties of bundles underlie the
shape and mechanical properties of the helicoid. Nucleoid shapes and bundle
patterns were examined throughout the cell cycle. Replication initiates in the
helicoid groove towards its old-pole end. Early in replication, straight fingers
of newly-synthesized material dynamically protrude and retract, with protru-
sions curving around the cell periphery. Overall, replication-linked sister seg-
regation is seen to comprise three analogous cycles. In each cycle, a single
fat helicoid develop. Then, concomitant with loss of programmed inter-sister
snaps, the shape evolves into two thinner spatially-separated helicoids. We pro-
pose that genomic contiguity biases longitudinal bundling to give individual-
ized sister shapes (‘‘sister individualization’’) and that sisters are driven into
an end-to-end relationship, suitable for clean segregation, by the mechanical
stress of radial confinement.This scenario explains chromosome dynamics in
diverse bacteria. Conversely, bacteria may occur as rods, spirals and spheres
because these are the three shapes that promote clean symmetrical sister sepa-
ration. Implications for eukaryotic chromosomes can be envisioned.
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Mechanical Stress on Double Stranded DNADrives Homology Recognition
Efraim Feinstein, Claudia Danilowicz, Mara Prentiss.
Harvard University, Cambridge, MA, USA.
RecA performs a homology search that compares a single stranded DNA
(ssDNA) to a double stranded DNA (dsDNA) and accurately recognizes homol-
ogous sequences in a background containing non-homologous and near-
homologous sequences. This recognition process can occur in the absence of
ATP hydrolysis, indicating that it must be thermodynamically reversible and
free energetically favorable. In this poster, we examine themechanism bywhich
RecA performs comparisons over sequences that are much longer than an indi-
vidual protein while avoiding kinetic trapping in regions with local accidental
homology.Wepresent amodel ofRecAbound toDNA that uses a simplifiedver-
sion of its known structure to calculate the distributionofmechanical stress in the
protein/DNA complex. In addition, we use computer simulations to model the
dynamic polymerization process.We propose that the lattice mismatch between
the more strongly and weakly bound strands of DNA results in a mechanical
stress that increases non-linearly with the number of bound base pairs. The dis-
tribution of stress combined with an iterative homology search may explain sev-
eral previously unexplained features of the structure and function of RecA. The
model is consistent with mechanical data obtained frommagnetic tweezer mea-
surements of polymerization of RecAon double strandedDNA (dsDNA) and the
extension of RecA-ssDNA filaments on dsDNA. RecA’smechanism can also be
instructive for artificial self-assembled systems.
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Subnanometer Structure of the Actin/Myosin/Tropomyosin Complex
Elmar Behrmann1, Krishna Chinthalapudi2, Sarah M. Heissler2,
Pawel A. Penczek3, Hans G. Mannherz4, Dietmar J. Manstein2,
Stefan Raunser1.
1MPI of Molecular Physiology, Dortmund, Germany, 2Hannover Medical
School, Hannover, Germany, 3Houston Medical School, Houston, TX, USA,
4Ruhr University, Bochum, Germany.Actins and myosins play a central role in life as they form the molecular motors
that transform chemical energy into movement. Without them, we would be
confined to a very static existence.
To fully understand how the interplay between actin and myosin leads to the
conversion of the energy stored in ATP into mechanical energy, one needs
structural information. Therefore, we have set out to determine the complex
structure of the three major muscle proteins (actin, myosin and tropomyosin)
using cryo electron microscopy and iterative helical real-space reconstruction.
Using state of the art instruments and reconstruction algorithms we have deter-
mined a sub-nanometer resolution electron density map of the complex. With
the help of electron-density guided flexible fitting we have subsequently refined
the structure to obtain a quasi-atomic resolution structure of the full complex
which enabled us, for the first time, to visualize interactions between actin
and myosin that have been postulated by computational methods beforehand.
In addition, we could also identify a novel interaction between myosin and
tropomyosin.
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Structural Model of the Pre-Powerstroke State of the Actomyosin
Complex
Yang Zhenhui, Boglarka Varkuti, Anna Rauscher, Miklos Kepiro,
Andras Malnasi-Csizmadia.
Eotvos University, Budapest, Hungary.
We created a structural model of the ADP.Pi pre-powerstroke state of Dictyos-
telium myosin motor domain complexed with actin trimer by an in silico pro-
tein docking procedure followed by a long timescale molecular dynamics
relaxation. Furthermore, we also modeled the ADP.Pi down lever state of my-
osin motor domain and the rigor complexes using 1q5q (apo structure of Dic-
tyostelium myosin motor domain) or squid myosin S1 (3I5G) atomic structures
and actin trimer model. During the molecular dynamics of the apo myosin
(1q5q ) complexed with actin trimer the actin binding cleft of myosin motor
domain spontaneously closed and the relaxed actomyosin rigor structure fits
well with the structural rigor model determined by EM. The analysis of the
ADP.Pi pre-powerstroke actomyosin complex showed that actin spontaneously
induces significant conformational changes in the myosin motor domain. Most
strikingly, actin further closes the closed switch 2 loop coupled with a further
up movement of the lever. Interestingly, if the interaction between the N-termi-
nal region of actin and myosin activation loop is interrupted by a single muta-
tion (K520N) this conformational change does not occur upon actin binding.
Furthermore, actin binding rearranges correlating movements of different my-
osin motor regions which effect was significantly reduced in the mutant.
Recently we shoved experimentally that the interaction between actin and
the activation loop is responsible for channeling the enzymatic pathway of ac-
tomyosin into the effective powerstroke path. The further closure of switch 2
induced by actin indicates that cocking is induced by actin mainly through
the actin binding of activation loop. In order to test the indicated conforma-
tional change we have produced a myosin motor domain containg a FLASH
and REASH probes located at the N and C-terminus, respectively, to sensitively
follow the lever movement upon actin binding by FRET.
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The Two-Dimensional Kinetics of Binding and Unbinding are Both
Regulated by Myosin’s Actin-Binding Loop
Amy M. Clobes, William H. Guilford.
University of Virginia, Charlottesville, VA, USA.
Binding of myosin to actin is a multi-step, ionic strength-sensitive process for
which the kinetic properties of bond formation and rupture have been studied in
solution. However, the solution (three dimensional) environment is a poor
model of the pseudo-two dimensional geometry in which myofilament proteins
interact in vivo. We therefore investigated the rate of actomyosin bond forma-
tion and rupture in a two-dimensional setting using dynamic force spectroscopy
at physiological and reduced ionic strength. We previously showed that catch
bond rupture is slowed at physiologic ionic strength (145 mM KCl) when com-
pared to low ionic strength (25 mM), and that bond lifetime is maximal at the
isometric force generated by a single myosin molecule. In the current study we
confirmed this result and sought to determine whether this difference is mir-
rored in the rate of actomyosin bond formation. A laser trap was used to mea-
sure the time to bond formation (tb) between actin filaments and nucleotide-free
heavy meromyosin (HMM) over a range of compressive loads. Two dimen-
sional on-rates were determined from tb and were increasingly force-
dependent with decreasing ionic strength. We examined the effect of ionic
strength on the initial long-range ionic interaction constituting the first step
of actomyosin binding by targeted tryptic digestion of HMM’s actin-binding
loop. Our data at physiologic ionic strength suggest that the actin-binding
loop contributes to the decreased 2D rate and load-dependence of bond forma-
tion. This is matched by reduced rates of actomyosin unbinding. These data
